A store-operated nonselective cation channel in lymphocytes is activated directly by Ca 2ϩ influx factor and diacylglycerol UPON AGONIST BINDING, numerous receptors in the plasma membrane activate phospholipase C (PLC) (1, 5) , which cleaves phosphatidylinositol 4,5-bisphosphate into 1,2-diacylglycerol (DAG) and inositol 1,4,5-trisphosphate (IP 3 ). Binding of IP 3 to its receptors on internal Ca 2ϩ stores such as the endoplasmic reticulum (ER) releases sequestered Ca 2ϩ into the cytosol. Such depletion of Ca 2ϩ stores gives rise to a signal that activates Ca 2ϩ -permeable channels in the plasma membrane, allowing sustained Ca 2ϩ (24) , and in some cases Na ϩ (10, 18, 29) , influx into the cytosol from the extracellular space. This Ca 2ϩ entry has been termed capacitative Ca 2ϩ entry (CCE), with the responsible plasma membrane channels being referred to as storeoperated channels (SOCs) (5, 24) . While Ca 2ϩ and Na ϩ influxes are important for many biological processes, little is known about the nature of the depletion signal or the mechanism of activation of SOCs. Establishing whether a diffusible depletion signal is responsible for CCE has been slowed by the lack of both a rich source of the material and a well-characterized SOC with measurable unitary conductance that is not spontaneously activated during whole cell and excised patch recordings. We previously demonstrated that extracts of pmr1, a yeast mutant with a genetically disrupted ER Ca 2ϩ -ATPase (27) , contains a diffusible Ca 2ϩ influx factor (CIF) that accelerates the spontaneous activation of Ca 2ϩ release-activated Ca 2ϩ (CRAC) channels in Jurkat T cells during whole cell recordings (6) . It was recently found (Su Z, Guo X, Shoemaker RL, Marchase RB, and Blalock JE, unpublished observations) that Jurkat T cells as well as human peripheral blood mononuclear cells (PBMCs), in addition to CRAC channels, express novel Ca 2ϩ -conducting SOCs termed Ca 2ϩ release-activated nonselective cation (CRANC) channels (15) . The CRANC channel in Jurkat T cells and PBMCs has a relatively large single-channel conductance of 18-27 pS (average 23.1 pS) and is not activated by dialysis of the cytosol during whole cell recordings. These properties make the CRANC channel a good candidate for the characterization of CIF as well as for the study of the activation mechanism for SOCs.
In the present study we have further purified CIF from the pmr1 yeast mutant by high-performance liquid chromatography (HPLC) and have shown that a single fraction accelerates the onset of current conducted by CRAC channels (I CRAC ) in the whole cell configuration and directly activates isolated CRANC channels in inside-out plasma membrane patches. We also have found that CRANC channels can be activated in a membrane-delimited manner by a DAG analog. This finding suggests that certain Ca 2ϩ -permeable channels may be dually regulated by both second messengers and store depletion. In addition, the finding of a channel that is activated in a membrane-delimited way by a CIF further strengthens the notion that the Ca 2ϩ store-depletion signal is a diffusible molecule.
MATERIALS AND METHODS
Cell culture. Jurkat T and rat basophilic leukemia (RBL-2H3) cells were from American Type Culture Collection (Rockville, MD). Jurkat T cells were maintained at 37°C in 5% CO2 in RPMI 1640 media (Sigma, St. Louis, MO) with the following substitutions (Mediatech, Herndon, VA): 10% heatinactivated fetal calf serum, 10,000 IU/ml penicillin, 10,000 g/ml streptomycin, 2 mM glutamine, 10 mM sodium pyruvate, 10 mM nonessential amino acid, and 25 mM HEPES. RBL-2H3 cells were maintained in MEM (Sigma)-based media, as previously described (19) .
CIF preparation and HPLC fractionation. Acid extracts from wild-type and pmr1 yeast cells were prepared as described previously (6) . After centrifugal ultrafiltration through Biomax-30 Ultrafree-MC filters (Millipore, Bedford, MA), the crude extracts were loaded onto a Partisil 10 strong anion exchange HPLC column (Keystone Scientific, Bellefonte, PA). After a 10-min isochratic lag at a flow rate of 2 ml/min, a 40-min linear salt and pH gradient was applied from 5 to 750 mM (NH4)H2PO4 and from pH 2.8 to 3.7, respectively. The activity was reconstituted from fractions with retention times of 22.5-24 min. Before electrophysiological recordings were performed, the activity of the fractions was screened by microinjection into fura 2-loaded albino Xenopus laevis oocytes as described previously (6) . Changes in intracellular Ca 2ϩ concentration ([Ca 2ϩ ]i) were measured on an Olympus IX70 inverted microscope (Lake Success, NY) through a ϫ10 UplanAPO objective, NA 0.17, equipped with a rapid excitation filter changer alternating between 340 and 380 nm (Ludl Electronics, Hawthorne, NY) and a chargecoupled device camera (Sensys, Photometrics, Tucson, AZ). Fluorescence increases were analyzed using the ratio extension of the IP-Lab Spectrum imaging software (Signal Analytics, Vienna, VA). Data are expressed relative to the 340/ 380 ratio at time 0.
Electrophysiological recordings. Conventional whole cell recordings were performed as described previously (6) . Briefly, the standard pipette solution contained (in mM) 110 Cs-glutamate, 10 CsCl, 2.9 MgCl2, 0.6 CaCl2, 10 EGTA-Cs, and 30 HEPES, with pH 7.2 adjusted with CsOH and a calculated free [Ca 2ϩ ] of 10 nM. The standard external solution consisted of (in mM) 143 NaCl, 10 CaCl2, 1 MgCl2, 4.5 KCl, 5 D-glucose, and 10 HEPES, with pH 7.3 adjusted with NaOH. The fast and slow capacitative transients were canceled, and a tip junction potential of ϩ10 mV was not corrected. Series resistances (5-20 m⍀) were not compensated. After the whole cell configuration was achieved, the cells were held at Ϫ40 mV, and the signal was sampled at 5 kHz by applying a 320-ms voltage ramp from Ϫ100 to ϩ100 mV at a frequency of 0.2 or 1 Hz. In some experiments the signal was digitized at 100 kHz and recorded on a magnetic tape. The signal was filtered at 1 kHz with an eight-pole low-pass Bessel filter (model 900; Frequency Devices, Haverhill, MT). The currents measured at Ϫ40 or Ϫ80 mV are displayed as indicated in the figure legends.
For inside-out patch recordings, the pipettes were filled with an external solution in which 10 mM CaCl2 in the standard external solution was replaced by equimolar MgCl 2. Before the switch from the cell-attached to the inside-out configuration, the bath solution was changed to the standard internal solution. The signal was digitized at 100 kHz, recorded on a magnetic video tape, and analyzed off-line. For analysis, the signal was resampled at 5 or 10 kHz and filtered at 300 Hz by the eight-pole low-pass Bessel filter. Voltage ramps from Ϫ100 to ϩ100 mV in 320 ms were applied to the inside-out patches to obtain the single-channel current-voltage (I-V) relationship. In some experiments the single-channel I-V relationship was obtained by holding the cell at various voltages. Unitary current was determined by amplitude histogram analysis using pCLAMP 6 (Axon Instruments, Foster City, CA).
Materials. Thapsigargin (TG) and ionomycin were purchased from Calbiochem (La Jolla, CA). DAG analog 1-oleoyl-2-acetyl-sn-glycerol (OAG) and the salts were from Sigma.
Data analysis. The activation time course of CRAC channels was fitted to the equations
where I is the current, t is time, I0, I1, and I2 are constants, , 1, and 2 are activation time constants, and tdelay is the time when the current develops to 10% of the maximum level after whole cell break-in. Data are shown as means Ϯ SE, and the t-test was used for statistical analysis. (6) . The latter finding was confirmed in RBL-3H3 cells (Fig. 1, A and B) , because inclusion of a crude extract of pmr1 CIF in the whole cell pipette solution (1:100 dilution) significantly (P Ͻ 0.001) accelerated the spontaneous activation of CRAC channels (t delay ϭ 8.9 Ϯ 2.3 s, n ϭ 5) compared with that seen when the pipette solution contained extract from wild-type yeast at the same dilution (t delay ϭ 47.5 Ϯ 15.6 s, n ϭ 5). In addition, when CIF was not present in the pipette solution, the time course of the I CRAC activation was biphasic and could be fitted by a two-component exponential equation with time constants 1 ϭ 148.1 Ϯ 23.4 s (n ϭ 5) and 2 ϭ 112.5 Ϯ 17.8 s (n ϭ 5), respectively. The biphasic activation course of CRAC channel by whole cell passive dialysis was also recently reported by Fierro and Parekh (7) . In contrast, when CIF was included in the pipette solution, the time course of the I CRAC activation was characterized by only a fast phase with a time constant of 16.1 Ϯ 5.2 s (n ϭ 8). This result strongly suggests that CIF accelerates the spontaneous activation of the CRAC channel in RBL-2H3 cells as in the case of Jurkat T cells. Interestingly, CRANC channels were not seen in RBL-2H3 cells (n ϭ 10) no matter how concentrated CIF was in the pipette.
RESULTS

CIF
To further enrich for the active component of the crude CIF-containing extract from the pmr1 mutant, we used HPLC to fractionate the extracts (Fig. 1C) stores. Therefore, we tested the effects of CIF preparations on CRANC channel activation. When lower doses (1:300-500) of crude CIF were included in the pipette solution, the current conducted by the CRANC channel (I CRANC ) was not activated (data not shown), although this dose was sufficient to accelerate the spontaneous activation of CRAC channels in these cells (6) . However, when an intermediate dose of crude CIF extract (1:100) was included in the pipette, a small current with an inwardly rectifying I-V relationship and a positive reversal potential (I-V curve not shown), which are characteristics of the CRAC channel, was rapidly activated (Fig. 2A) . Subsequently, a second, larger current became apparent. This current had properties consistent with it being carried by the recently described CRANC channel (Su Z, Guo X, Shoemaker RL, Marchase RB, and Blalock JE, unpublished observations), as indicated by a shift of the reversal potential toward Ϫ15-0 mV and an outwardly rectified I-V relationship (see below). The sequential activation of CRAC and then CRANC channels by the intermediate dose of CIF would appear to reflect their different sensitivities to CIF as its intracellular concentration increases.
When included in the pipette solution at a still higher dose (1:30 dilution), crude CIF extracts from the pmr1 mutant rapidly activated an inward conductance following whole cell break-in (Fig. 2B) . The I-V relationship (Fig. 2C) again suggests that the current was conducted by a nonselective cation channel and was observed in 56% (28/50) of Jurkat T cells tested at high CIF doses (1:30-50 dilution). The nonselective conductance activated by the crude CIF extracts was only partially sensitive to 10 M La 3ϩ and fully sensitive to 1 mM La 3ϩ (Fig. 2B) . The conductance showed an outwardly rectifying I-V curve with a reversal potential of Ϫ15-0 mV (Fig. 2C) , all characteristics resembling those of the I CRANC activated by TG, IP 3 , or ionomycin (Su Z, Guo X, Shoemaker RL, Marchase RB, and Blalock JE, unpublished observations).
The HPLC fractions assessed in RBL-2H3 cells were also tested in Jurkat cells. Fraction 24, when included in the whole cell pipette solution, also activated I CRANC in 53% (13/25) of the Jurkat T cells tested (Fig. 2D) . Similar potency was observed for fraction 23 but not for fractions 25 and 26 (data not shown). Together, these results strongly suggest that CIF can serve as a universal depletion signal to activate different types of SOCs.
CRANC channels are activated by CIF in a membrane delimited fashion. As was described recently (Su Z, Guo X, Shoemaker RL, Marchase RB, and Blalock JE, unpublished observations), CRANC channels in isolated patches do not remain active upon patch excision. We therefore were able to test the direct effect of CIF from pmr1 mutant yeast on CRANC channels in Jurkat T cells in the inside-out configuration. As shown in Fig. 3 , when 10 mM Mg 2ϩ was included in the pipette solution to block CRAC channels, the switch from the cell-attached to the inside-out configuration did not activate any channel activity (Fig. 3A) . However, application of a pmr1 mutant extract (1:30 dilution) to the cytoplasmic side of the inside-out patch activated an inward conductance (Fig. 3B) (Fig. 3H) . Perfusion of the cytoplasmic side of the patch for ϳ3 min in the absence of CIF abolished the channel activity (Fig. 3C ), but reapplication of the CIF-containing preparation to the cytoplasmic side of the patch reactivated the channel (Fig. 3D) . These results show that the conductance is activated in a membrane-delimited manner by CIF, possibly by binding to the cytoplasmic side of the channel. HPLC fractions 23 and 24 had the same effects, but fractions 25 and 26 did not (data not shown). The I-V curve of a single channel activated by CIF is outwardly rectified with a reversal potential of around Ϫ15-0 mV (Fig. 3,  E and F) . Linear fitting of the single channel I-V curves in the negative holding potential region yields a unitary chord conductance of 23.4 Ϯ 0.4 pS (n ϭ 4) (Fig.  3G) , which is similar to that of CRANC channel activated by depletion of Ca 2ϩ stores. Even though this patch contained only one channel, as in the case of TG or ionomycin (Su Z, Guo X, Shoemaker RL, Marchase RB, and Blalock JE, unpublished observations), CIF more often activated multiple channels in the patches (16/20; data not shown).
CRANC channels are activated directly by DAG, and TRP3 and/or TRP6 are likely components of the CRANC channels. It has been shown that Jurkat T cells express high levels of mRNAs for TRP3 and TRP6 transient receptor potential proteins, whereas RBL cells express no mRNAs for TRP3 and a low level of mRNAs for TRP6 (8) . Both TRP3 and TRP6, when expressed heterologously, form a nonselective cation channel with biophysical properties similar to those of the CRANC channel that have been described (Su Z, Guo X, Shoemaker RL, Marchase RB, and Blalock JE, unpublished observations). Interestingly, Hofmann and coworkers (11) recently showed that either TRP3 or TRP6 channels can be directly activated by DAG. When Jurkat T cells were tested in whole cell recordings, membrane-permeable DAG analog OAG activated an inward current (Fig. 4A ) that had a slightly outwardly rectifying I-V curve (Fig. 4B) , with a rever- sal potential of Ϫ15-0 mV, that was partially sensitive to 10-20 M La 3ϩ (data not shown) and that could be completely blocked by 1-2 mM La 3ϩ . Furthermore, after CRANC channels were fully activated by inclusion of CIF in the whole cell pipettes, application of OAG to the cells could not activate any additional current (n ϭ 8) (Fig. 4C ). All these properties suggest that the current activated by OAG is carried by CRANC channels. We next asked whether OAG could activate the CRANC channel in a membrane-delimited manner in inside-out patches. As shown in Fig. 5A , application of 100 M OAG to the cytoplasmic side of an inside-out patch from a Jurkat T cell immediately activated an inward current. Amplitude histogram analysis (Fig. 5B ) revealed that the current was conducted by multiple channels with the same unitary current of 1.5 Ϯ 0.3 pA (n ϭ 3) at a holding potential of Ϫ65 mV (Fig. 5C ), suggesting that these channels were the same type. The channel activity could not be completely abolished by extensive washing of the cytoplasmic side of the patch. The single-channel I-V curve of this channel was also slightly outwardly rectifying with a reversal potential near 0 mV (Fig. 5, D and E) . The current was measured at Ϫ80 mV. C: the whole cell pipette contained partially purified CIF (1:30). After ICRANC was fully activated, application of 100 M OAG failed to activate any additional current (n ϭ 8).
Linear fitting of this I-V curve in the negative holding potential region yields a unitary chord conductance of 22.8 Ϯ 1.0 pS (Fig. 5E, n ϭ 3) , which is similar to that of the CRANC channel activated by TG (Su Z, Guo X, Shoemaker RL, Marchase RB, and Blalock JE, unpublished observations) and CIF, suggesting again that OAG can directly activate the CRANC channel. Although CIF and OAG likely activate the same CRANC channel, on the basis of the single-channel conductance and slightly outwardly rectified I-V relationship the mechanism of activation is clearly different. This is easily observed on the basis of the difference in open time and the apparent lack of reversibility of OAG activation (Fig. 5) .
To investigate the relationship between the CRANC channel and TRP3 and/or TRP6, we tested the effects of OAG on the RBL cells in whole cell recordings. As shown in Fig. 6, A and B, after I CRAC had been fully activated by dialysis of the cytosol, application of 100 M OAG to the cells failed to activate any additional current; instead, it inhibited I CRAC ϳ10.3 Ϯ 1.4% (n ϭ 8) by an unknown mechanism. This result, together with the above finding that even high doses of CIF fail to activate any nonselective cation current in RBL cells, suggests that these cells do not express CRANC channels. This is consistent with the previous report that RBL cells express no mRNAs for TRP3 or a very low level of mRNAs for TRP6 proteins (8) . Together, the results shown here suggest that the CRANC channel in Jurkat T cells and human PBMCs may be at least partially assembled from TRP3 and/or TRP6 proteins.
DISCUSSION
The mechanism by which ER Ca 2ϩ store depletion leads to an influx of extracellular Ca 2ϩ remains clouded on at least two fronts. First, the nature of the signal transduction pathway by which store depletion is linked to the opening of plasma membrane Ca 2ϩ channels remains controversial. Second, while it is clear that in different types of cells several types of ion channels are utilized for the depletion-mediated influx of Ca 2ϩ , it has not been definitely shown that an identified channel or subunit is responsible for a given native Ca 2ϩ current. With respect to the signal for Ca 2ϩ store depletion, three not necessarily distinct models have been proposed. In one model, a static physical link between proteins at the surface of the ER, perhaps the IP 3 receptor, and a complex that includes the responsible plasma membrane Ca 2ϩ channel is proposed (14, 16, 23) . Changes in the conformation of the IP 3 receptor or another ER membrane protein resulting from the depletion of intracellular Ca 2ϩ stores could activate the plasma membrane channel. In the second model, a role for interactions between secretory-like transport vesicles and the plasma membrane is proposed (20, 32) . The vesicle could be important as a source for the insertion of channels previously not present in the plasma membrane or, via a mechanism in which vesicle fusion is not required but, rather, in which a transient physical interaction of vesicles with the plasma membrane surface activates resident plasma membrane channels, a so-called "kiss and run" mechanism. In the third model, it was postulated that a soluble second messenger-like molecule that is freely diffusible is formed by the ER upon Ca 2ϩ store depletion. This molecule, termed Ca 2ϩ influx factor (CIF) by Randriamampita and Tsien (25, 26) , is predicted to activate channels either directly or through interaction with a closely associated regulatory protein.
In a previous study (6) we presented evidence that CIF, prepared from either TG-treated Jurkat cells or pmr1 mutant yeast in which the organellar Ca 2ϩ stores are disrupted by genetic manipulation (27) , is able to activate Ca 2ϩ influx in Xenopus oocytes. In addition, when the putative CIF was included in a patch pipette, the activation of I CRAC in Jurkat cells was much more rapid than that achieved by passive dialysis or the inclusion of IP 3 in the pipette during whole cell recordings. These data suggest that a CIF exists and can activate the channel responsible for I CRAC . Here, we have confirmed in whole cell patch-clamp experiments in RBL-2H3 cells that I CRAC is activated in a rapid fashion by crude as well as more highly purified yeast CIF. In addition, we have shown that, in Jurkat T cells, the presence of a higher dose of CIF in the pipette leads to activation of another store-operated cation channel with a unitary conductance of 18-27 pS, which was termed CRANC channel (Su Z, Guo X, Shoemaker RL, Marchase RB, and Blalock JE, unpublished observations) in keeping with an earlier description of a similar channel found in mouse pancreatic acinar cells (15) .
Perhaps the most rigorous test for the ability of the putative CIF to activate a channel comes from experiments with inside-out patches. Our attempts to examine the channels responsible for I CRAC utilizing this technique have been thwarted by the finding that, once activated, the CRAC channel stays open in isolated patches (Su Z, Guo X, Shoemaker RL, Marchase RB, and Blalock JE, unpublished observations). The same phenomenon was observed for a SOC in Xenopus oocytes by Yao and coworkers (32) . Moreover, the act of isolating the patch itself leads rapidly to an activation of I CRAC (unpublished observations; also see Ref.
3). We interpret these data as suggesting that in the absence of the cytoplasmic environment, an inhibitory mechanism is lost from the CRAC channel and that the continuous presence of an activating agent such as CIF, after the irreversible loss of the inhibitory moiety, is no longer required. The finding that the CRANC channel in Jurkat T cells can only be activated by active depletion of internal Ca 2ϩ stores and that its activation depends on the cellular environment of a depleted cell (Su Z, Guo X, Shoemaker RL, Marchase RB, and Blalock JE, unpublished observations) allows us to directly test the effect of the putative CIF on patches containing this channel. As shown in Fig. 3 , this channel, when exposed on the cytoplasmic surface to partially purified CIF preparations, is activated with a conductance typical of the CRANC channel activated by ionomycin or TG in the cell-attached configuration (Su Z, Guo X, Shoemaker RL, Marchase RB, and Blalock JE, unpublished observations). This activation is reversible such that when the putative CIF was removed from the cytoplasmic surface of the patch, the current ceased.
These data suggest that two separate SOCs are activated by the presence of CIF and that the channels responsible for I CRAC and those responsible for I CRANC are regulated by two different mechanisms. CIF appears to activate the CRANC channel by binding to the cytoplasmic side of the channel or to a tightly associated regulatory molecule. In contrast, CIF may facilitate activation of CRAC channels by promoting the removal of an inhibitory mechanism that otherwise keeps the channel closed. Consistent with the results presented in this paper, an independent study with a mammalian preparation of CIF on isolated patches from rat aortic smooth muscle cells resulted in activation of a nonselective cation channel with a unitary conductance of 3 pS (30) . Thus at least three SOCs are activated by CIF, albeit by different mechanisms.
Both Yao et al. (32) and Patterson et al. (20) recently presented evidence that implicated vesicle interactions with the plasma membrane as being important to the activation of capacitative Ca 2ϩ entry. It is not yet clear how the results reported in those studies might be related to the data presented here. It is possible that vesicles or the ER capable of synthesizing CIF must be in close apposition to the plasma membrane to prevent a premature destruction of the active compound in the cytoplasmic milieu. Alternatively, the creation of a ring of actin-containing filaments near the surface of cells, shown to be inhibitory by Patterson et al. (20) , could concentrate potential competitive binding sites for CIF and thus prevent it from reaching the cell surface. Another explanation could be that the formation of the F-actin cortex underneath the plasma membrane may prevent the disassociation of an inhibitory molecule from the channel.
In terms of the molecular identity of native SOCs, recent studies have implicated the mammalian homologues of the Drosophila TRP proteins as possible molecular components of SOCs. Although certain TRP proteins, e.g., TRPL (34, 36) , TRP4 (21) , and TRP5 (22) , form Ca 2ϩ -selective SOCs when heterologously expressed, none of them alone shows the precise biophysical properties of CRAC channels. It has been shown that four types of Drosophila TRP homologues, TRP1, TRP3, TRP5, and TRP6, are expressed in Jurkat T cells (8) . The CRANC channel recorded in lymphocytes most closely resembles TRP3 or TRP6 channels in terms of single-channel conductance (18-27 pS) and a slightly outwardly rectifying I-V relationship (2, 12, 33, 35) . Recently, Hofmann et al. (11) showed that TRP3 or TRP6 channels can be directly activated by DAG in a membrane-delimited manner. Our finding that OAG directly activates the CRANC channels suggests that TRP3 and/or TRP6 is likely a subunit of the CRANC channel in Jurkat T cells. This notion is further strengthened by the finding that RBL cells have been shown previously to express no detectable or very low levels of mRNAs for TRP3 and TRP6, respectively (8), and do not express CRANC channels. Nofer and coworkers (17) also recently reported that a membranepermeable DAG analog activates a nonselective cation channel in human lymphocytes mediating both Ca 2ϩ and Na ϩ influxes. In other work, they found that this channel is also activated by arachidonic acid (AA) (18) . The cation influx pathway they described is most likely the CRANC channel.
The polarity of CIF as well as its reversible effect on the CRANC channel excludes the possibility that DAG or AA is the active component in the CIF we are studying. Instead, the finding that CRANC channels can be activated by DAG or AA and CIF suggests a dual-activation mechanism for some SOCs. This dualregulation mechanism is not unique for the CRANC channel. Chyb et al. (4) recently showed that both Drosophila TRP and TRPL channels can also be activated by polyunsaturated fatty acids such as linolenic acid and AA, even though the TRP channel has also been shown to be store operated (9, 31) . Kiselyov and Muallem (13) recently reported that linolenic acid, when applied to the cytoplasmic side of a patch, activates the TRP3 channel, probably through binding to the same site on the channel as DAG. Another AA derivative, 5,6-epoxyeicosatrienoic acid, also has been shown to activate capacitative Ca 2ϩ entry in rat astrocytes (28) . Because DAG and a depletion signal such as CIF are products of the activation of PLC-␤ or PLC-␥ signaling pathway, a question is raised as to how these two signals coordinate with each other to regulate SOCs under physiological conditions. A detailed analysis of the relationship between CIF and DAG in the activation of CRANC channels may help to answer this question.
The data presented here thus show that a small molecular weight molecule, enrichable by chromatography and present in cells depleted of ER Ca 2ϩ but not in control cells, is able to directly activate the CRANC channel in isolated patches taken from Jurkat T cells. This fraction is also capable of facilitating the activation of I CRAC in whole cell patch experiments. It also activates Ca 2ϩ entry in Xenopus oocytes. Perhaps most
importantly, the results demonstrate that CIF can activate the CRANC channel in a membrane-delimited fashion in isolated patches. This would appear to be particularly strong evidence for the existence of CIF and should be a technological advance that facilitates the identification of this compound. While the physiological role that CIF plays in vivo in Ca 2ϩ homeostasis is still being clarified, the evidence for the existence of CIF continues to accumulate.
